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Tl Gas-liquid chromatographic determination of major constituents of Piper 
methysticum. 
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LA English % 
AB A beverage prepared by straining the powdered roots or rhizomes of P. 
methysticum with water is a traditional drink in some Pacific 
islands. A GLC procedure is described for the quantitative detn. of 7 
known major constituents in sun-dried roots, rhizomes and commercially 
powdered samples of P. methysticum (known locally as yaqona or 
kava). A 3-8 g powdered sample is extracted with chloroform in a 
Soxhlet apparatus for 6 h, solvent is evaporated, the extract is dried at 
100.degree. C for 2 h, then dissolved in chloroform. The resulting 
solution is analysed by GLC using dual columns containing OV-1 on 
Chromosorb W HP, and dual differential flame-ionization detectors with 
N.sub.2 as carrier gas. There is no interference from the 8 other trace 
constituents, non-poiar low-boiling compounds or polar 'tarry' material. 
The 7 major constituents are all derivatives of the 3 variant compounds, 
viz. kawain, methysticin and yangonin. A typical chromatogram is shown and 
the tested linear range limits, retention times of the various 
constituents, and their average content in roots, rhizomes and commercial 
powder are tabulated. 
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A procedure is 
major rnnstitnnnts in 
samples of Piper 
extracted with 
of solvent the extract 
in chloroform, to 
analysed by gas - liqu 
columns, containing 
differential flame-: 
temperature being 2 
Lciue uuiisliluenLa, 
material. 
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Gas - Liquid Chromatograpmc Delellrii nation of 
Major Constituents of Piper methysticum 




slry of Agriculture and Fisheries, Koronivia Research Station, P.O. Box 77, Nausori, 



described for the quantitative determination of seven known 
snn -dried mots, rhizomes and com merci ally powdered 
meihysticum, A 3.0-8.0-g amount of powdered sample is 
chloroform in a Soxhlet apparatus for 6 h. After evaporation 
(about 0.35 g) is dried at 100 °C for 2 h and then dissolved 
about 0,7% m/V concentration. The resulting solution is 
id chromatography using dual 1.5 m X 4 mm i.d. glass 
% m/m of OV-1 on Chromosorb W IIP, and dual 
ionization detectors with nitrogen as carrier gas, the column 
10 °C. There is no interference from the eight other 
iuji-j^uleti low-boiling cunipounds ui pulax "Larry" 



Keywords : Piper mithyaticum analysis; gas liquid chromatography 

Chemical arid pharmacological investigations of constituents of the sun-dried roots and! 
rhizomes (known locally as "waka" and "Jawena," respectively) of Piper methysticum, which; 
began in I860, 1 *" 3 led to the publication of numerous papers and reviews. 4-8 To date at; 
least seven major and eight trace constituents have been isolated from the roots of the; 
shrub 4 "' (see Table II A number of these constituents have been shown to possess interesting ! 
physiological properties such as sleep-producing, 8 * 9 antimycotic, 10 local anaesthetic, 11 anti-j 
convulsive 12 " 14 and smooth muscle contraction 15 effects. - j 

The beverage prepared by straining the powdered roots or rhizomes of Piper methysticum] 
with water is a national drink, and is held in high esteem in all traditional Fijian ceremonies, I 

traditional drink in other Pacific islands such as Samoa, Tonga andi 
investigation by the author of the quality of commercially powdered I 
samples of Piper mdhysticum, (known locally as "yaqona" or "kciva"), it became necessary j 
to determine the amounts of major constituents. Numerous reports 5 " 8 » 18 exist on the column 
and thin-layer chroir atographic separation of the active constituents, but these methods are 
unsaLiafaaury and there does not appear to be a simple and rapid method tor the quantita- 



It is also a common 
Hawaii. During an 



tion of these constit 
analysis of the seven 



Aents. This paper, which deals with the gas - liquid chromatographic 
major constituents of Piper methyftHtium, aims to bridge this gap_ 



Structures ot the 



Apparatus 

An electrothermal 
chromatograph, a Mo! del 

All glassware was 
at 100 X. 



Reagents 

All reagents and 
solvents were chloroform 
II (Merck) was used. 



Standard Solutions 

Standard solution A of major constituents 



0.12% kawain (2), 0 



Experimental 

compounds concerned are shown in Fig. 1. 



liquid 



melting-point apparatus, a Hewlett Packard, Model 5730A, gas 

* 3380A integrator and a Model 7 123 A recorder were used. ! 
cleaned with chromic aud, washed with distilled water and oven dried i 



solvents were of analytical-reagent grade unless otherwise stated. The 
methanol and benzene.. Aluminium oxide of Brockmann activity 



Prepare the following standard solution in chloroform (m/V) : 0.12% 7,8-dihydrokawain (1) 



0.075% 7,8-dihydromethysticin (5), 0.075% yangonin (4) and 0.12% methysticin (3) 



,03% 5,6-dehydrokawain (6), 0.02% 6,6,7,8-tetrahydroyangonin (7), 



were 
melti] 

Prep: 

Th< 
groun 
sieve. 
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1 

Numbering system 




OCH 3 



CH=CH — L J=0 
0 

2. Kawain 



. . . O.CH3 



3. Methysticin 





H 3 CO 



CH==CH 
4. Vangonin 

Fig. 1. Structures of the three parent compounds of Piper 
methystioum. The structural formulae for all other kava pyrones, 
1 and OHIO, can be derived by using the numbering system above 
and diagrams 2, 3 and 4. 

solution B of trace constituents 
trace constituents were provided by Professor R. Hansel of Frieie Uiuversitat Ger- 
Prepare a 0.003% mfV solution nf each of as-5-hydroxykawain (8), 7,?-dihydro- 
l (9), 5,6-dihydroyangonin (10), 5,6^dehydromethysticin (11), ll-methoxjfrangonm 
hydroxyyangonin (13), ll-methoxy42-hydroxy-5,6-dehydrokawajn (14) j and 10- 
methoxyy&ngonin (16), 

Standard s 
Prepare 
ents as in 

Standarld 
in the 
least 6 



It has concentrations of; constitu- 



olution C of all active constituents 
this solution by combining solutions A and B. 

the original solutions, , ! 

solutions A, B and C have similar constituent ratios and concentration^ to those 
Les and sample solutions. The standard and sample solutions are stable for at 
mdnths if stored in a refrigerator. . | 



of Major Constituents j 

in'(4), methysticin (3), 7,8-dihydromethysticin (5), kawain (2), 5,6-dehydrokawain 
,8-dihydrokawain (1) were separated by column chromatography on aluminium 
purified by repetitive crystallisation as described elsewhere, 8 5,6,7,8-Tetra- 
^nin (7) was isolated by a combination of column chromatography* and the 
gas - liquid chromatography and purified by crystallisation from methanol, 
uomethysticin (5) f . 7,8-dihydrokawain (1) and 5,6,7 ,8-tetrahydroyangqnin (7) were 
by catalytic hydrogenation of the parent compounds methysticin (3), k&wam (2) 
tin (4), respectively, Hydrogenation was carried out at room temperature on a 
using 0.1 g of platinum dioxide and 75 ml of ethyl acetate and was cqmplete in 
filtration and distillation of the solvent in vacuo, the hydrogenatedj products 
' "ised. 8 The hydrogenated products had similar melting-points ahd mixed 
to the naturally occurring compounds. 



■points 



on of Samples 

roots and rhizomes were obtained from local markets, cut into thin Alices and 
a No. 25 sieve. Commercial powders were further ground to pas^ a No 



pass 



25 
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jyf oisture 

Dry Bgof prepared sample at 100 U C for 5 h 

^TJlrlT* n^TweoareTroots or 5.5 g of rhizomes or 8.0 g of commercial powders with; 
Extract 3.0 g of ] P^ea roots or o o g Qn a water -bath and dry! 

to 50 ml with chloroform in a calibrated flask to give a concentration of about 0.7 / 0 m\V, 
(sample solution D), 

Gas - Liquid Chromatography 

Inject 3 fil each oi: 
using the following o 
OV-1 on Chromosorty 
at 300 kPa and 60 
180 kPa and 240 
injection port temperature 
64, chart speed 5 mh xnin 

Determination of 
Oxide Column 

Wash 4-5 g of 
of chloroform, 
chloroform to the 
an already dried j 
bath and dry the 
moos represents pol 



natograpny : 

it standard solution A and sample solution D into the gas chromatography 
Lnditions column, dual 1.5 mX 4 mm Id. glass containing 3% m/m of, 
W HP - detector, dual differential flame-ionisation; earner gas, nitrogen; 
U inm-i; fuel gases, hydrogen at 150 kPa and 60 ml mm * and ^r at; 
mini; column temperature, 210 °C; detector temperature 300 C ; 
2C0 °C ; and integrator, sensitivity 0.3-1 .0 mV mm" 1 , attenuation 



ml 



Polar "Tarry" Material In Extract by Cl«an-up on an Aluminium 



and 



oxide container! in a glass column (12 mm diameter) with 20 m 
3 ly a suitable amount (generally about 0.35 g) of extract m 6 ml of 
ashed column, elute with 50 ml of chloroform and coUect the eluate in 
weighed 100-150-ml conical flask. Evaporate the solvent on a water- 
xtract at 100 °C for 2 h to give a cleaned-up extract. The difference id 
ar "tarry" material. ! 



alitmirnurrf 
Apply 



Thin-layer Chromatography 

Thin-layer chrom 
methanol' (98.5 + 1 



used chloroform for 
ents are. extracted 
extraction time. 



latograpny ■ 

atORrayhy was carried out on 0.5 mm silica gel G pbtes with benzene 4- 
5) as developing solvents and the spots were revealed with iodine vapour 



Results and Discussion 

and eieht trace constituents of the roots and rhizomes of Piper methysticurit 



■laver 



The seven major 
are as presented in 
variant compounds; 
constituents have 
constituents by 
column nor thin 
the constituents, a$ 
major constituents 
graphic analysis of 
rapid technique for 

Extraction of Constituents 

Chloroform, 8 diethyl ether** and ethanol 16 have been used for the extraction of constituents 
of Piper metkyKtArMm. Some of the constituents, such as methysticm (3) and ^onini 
are insoluble m diethyl ether but all constituents are soluble m cMorotorm. We therefore 



Table I and Fig. 1. The constituents are all derivatives of the thre<fe 
nameiy kawain (2), methysticin (3) and yangonin (4). The majo£ 
traditionally been isolated by column chromatography 8 * 16 and the trace 
preparative thin-layer chromatography.' We have found tha,t neithet 
sr chromatography could be used for the quantitative determination of 
■ in the former the separation is incomplete and in the latter oil. of the 
have similar R v values (Table I). The proposed gas - liquid chromato^ 
the major constituents overcomes this, problem and offers a simple and 
their determination in Piper tnetkysticum, j 



the extraction work. It was found that. 95% and 99% of the constituj- 
ui Lhe first 2 h and 4 h, respectively, and we therefore used 6 h as thfc 
extraction nme. 4 he difference in the amounts of roots, rhizomes and commercial powders 
of Piper methysticum taken for extraction is to ensure that uniform amounts, of extract [ca ; 
0.35 g) are obtained. j 

Linear Range . | 

_ o _ is shown in Fig. 2, ajid the tested linear range limits and retention 

constituents are reported in Table L ; 



Quantification and 

A typical chroma .togram 
times of the various 
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Chromatographic 



Compound 
No. 



Msthyaticin 
5.- 



a: 



-Pihydtomethysticin 
-Dehydrohawain 
,7,8-TctKihydroyAngonin 
— of 1-7 

, T „. of 

Ctjilorofocm extract 

Othdr cotwitiwntB — 

I Non-polar compounds 
11 Trace constituents — 
cte-5-Hydroxykawain 
T.fl-Dihydroyaneonin 
B,G-Dihydroyangonln 
5,9-Dehydromcthysticin 
1 1-MBthoJcyyn.ngonin 
11-Hydroxyyangonin 
ll-MEthORy-i^-hydrosy- 

dahydrokawain 
lO*Mctho*yy angon I d 



Total ( 
7a Tiirry 
Total i 



8 
0 

10 
XI 
12 
IS 
14 

15 



standard 
(4) could 
shoulder 
ttmuunt, i 
mined 
the amouht 
and a sam 
(3) in roo 
(1.7:2.1, : 



Clean-up 

The tojal 
than that 
a chlorofofan 
and trace 
"tarry" 
"tarry" 
60 ml of s 
10 and 

were subjected 
adsorpt 
of 0.25-4Ct 
an average 
materiaj; 
' 'tarry 1 ' Material 
the same 
a method 
mination 
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Table I j 

CHARACTERISTICS AND CONCENTRATIONS OF CONSTITUENTS! OF 

Piper Methysticum \ 



Constituents 
-Dihydrokawain 



Mclting- 
pdnt/ B C 

55-57" 
107" 

139-H0.6 1 * 
153-1157" 
117-UB" 
138-13B" 
99-100* 



Retention 

time 
IQ/LC) at 

210 *q 
5. as 

8.01 
27.0 
25.63 
18.38 
10.27 
13.12 



Tented 
limit oi 

*8 

4.8 

a^o 
o.o 

1.2 
0.75 



Retention 
tima ftt 
240 °C/ 
mis 

2.4 
2.8 
8.0 
8.0 
C.4 
3.G 
4.4 



(TLC) 
0.41 

o.4a 

0,39 
0.48 
0.39 
0,52 
0.43 



Average content of constituents on 
"dry mass basis, ?/ 0 

i Commercial 
Roots RWotucs i jsowder 
(6 samples) (6 samples); (12 samples) 



<0.0 

ISO-IS? 7 9.68 

1O4-106 7 11.S0 

122-124 7 Decomposes 

230-231* S7.& 

155-1 07' 50.18 

I9fr-2G0' 50.16 



— 0.00 



<2,0 >0.65 



8.37 
1.90 
2.12 
1.73 
1.12 
0.81 
0.30 
10.44 
0-71 
11-16 
12.21 

1.06 



1,20 
1.17 
1.00 
0.70 

n r.a 
0.32 
0.20 
6.28 
0.B6 
fi.S3 
6*01 

0.78 



0.70 
0.84 
O.flB 
0.47 
0.61 
0.1 B 
0,14 
3.63 
0.41 
4,04 
4.69 

0.66 



Ufl-220' 
1B1-192* 



50.18 
56.13 



4,0 
5.2 

10.8 
13.G 
13.6 

13.G 
14.8 



0.10 
0.48 
0.07 
0,60 
0.40 
0.18 

0.19 
0.42 



For 7,8-dihydrokawain (1), kawaiu (2), 5,0-dchydrokawain (6), 5,6J,8-tetrahydrayangonm 
(71 and 7 8-dihydromethysticin (5), quantification was effected by comparisons j of either 
" nd sample peak heights or integrated peak areas- However, the peak of j yangorun 
not be completely separated from that of methysticin (3), which appears as * 
>n the former. However, the peak height of yangonin (4) is linearly related to 
r-rcspectivc of the amount of methysticin (3) present, ajid therefore canj be deter- 
However, as the peak height of methysticin (St) is not linearly related to amount 
lit of methysticin (3) is determined by matching its peak heights in a| standard 
pie. This is made simple by the fact that the ratio of yanguiiin (4) to methysticm 
\s, rhizomes and commercial powders of Piper methysticum is reasonably constant 
.54 : 2.1. and 1 .5 : 2, 1 , respectively) . ! 



of Extract 



amount of the major constituents 1-7 (see Table I) found toj be lower 
in the total chloroform extract. Thin-layer chromatography of standard C and 
m extract of Piper methysticum root sample showed that in addition to jthe major 
constituents, the root extract contained some non-polar compounds knd polai 
rWerial. The polar ' ' tarry' ' material had an 7? P value of 0. The ajmount of 
material could be determined as described under Experimental. Between 10 and 
tandard solution A, representing 0.056-0.336 g of major constituents, and between 
ml of standard solution B, representing 0.0021-0.0084 g of trace constituents 
cted to the clean-up procedure, and subsequent analysis showed no significant 
of active constituents on the column at these concentrations. Howeveij, clean-up 
g of a chloroform extract of Piper methvsticum roots on aluminium oxide showed 
j adsorption of 0-7% m/m (based on the dry mass of the sample) of polar "tarry' 
thin-layer chromatography of the cleaned-up extract showed the absence of polar 
iaterial Howe vei , the amount of the major constituents in the cleaned-up ektract was 
as that in the unpurified extract. Hence, although the clean-up procedure provides 
for the determination of polar "tarry 11 material, it is not necessary for the deter- 
Df active constituents. ; 



ereaces 



tjhe concentration ranges of standards and samples mentioned under Clean-up of 
t was established that heating for 6 h under reflux during extraction ahd drying 
100 °C had no significant effects on the analysis. There was no interference by 
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the comparatively 
to any peaks under 
0,5 h. A column 
from the yangonin 
in the collapse of 
times without any 
that the proposed 
owing roa.mly to 
We are currently 
interference by 
elute before any o 



MATER tAL 



Constituent 



7, 8 hydro kawain . . ■ 
Kawain 
McthysUcin 
Yangonin 

7 t S^DihydiOii uslliysUcin 
5,C*Dehydrofcawain . . 
M,7,B-TctrahydroyangOT)ifl 
Polar "tnrxy" material 
Chloroform ox tract . . 
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T 



o 

c 
n 
a. 

0) 



U 




10 15 20 
Tlme/min 



25 



30 



Fig. 2. Gas - liquid chrornatogram obtained 
frnm a 3^il injection of a 0.7% mlV solution 
o.f chloroform extract of Piper methystieutH. 
Other conditions are as stated in text. 
Peaks: 1 = 7,8-dihydrokawain; 2 = kawain; 
3 methysticin; 4 = yangonin; 5 = 7,S- 
dihydromethysticin: 6 = 5,6-dehydrokawain; 
and 7 = 5,6, 7, 8-tetrahydro yangonin. 



?.nts, as these have different retention times (see Table I). In additioh, 
low concentration of trace constituents in the samples did not give rifee 
w the given conditions of analysis. The analysis was complete within 
temperature of 210 °C was used to distinguish the mpthysticin (3) pe^k 
lit (4) peak within a reasonable time. An increase in temperature resulted 
these two peaks, whereas a decrease in temperature only increased retention 
improvement in the separation of the two peaks. It is clear f rum Table! I 
method is not satisfactory for the determination of trace constituents, 
>e similar and relatively high retention times of some of the constituents- 
studying methods of analysis of trace constituents. There is also rto 
iar "tarry" material or non-polar low-boiling compounds, as the lattjer 
f the active constituents. 



ttie 



pola: 



Precision 

Satisfactory reproducibilities were obtained by the proposed method (Table II). 

Table II 

Contents 0f major constituents, chloroform extract and folak "tahky' 

FROM 10 RUNS ON A RHIZOME SAMPLE OF Pip&f mdhysticum 



Content, 94 
_ A 



1.05 

1.22 

1-15 

0.82 

o.ee 

0.28 

0.1.28 

0.71 

r nr. 



L14 


1.11 


1.06 


1.11 


1.07 


1.08 


1.22 


1.25 


1.25 


1.23 


1,31 


1.21 


1.10 


1.12 


1.21 


1.17 


1.17 


1.15 


0.82 


0,97 


0.84 


0.87 


0.79 


0.81 


0M 


O t flG 


. 0.65 


0.71 


0.C2 


0.«R 


0.50 


0,30 


0.30 


0,31 


0.29 


0.2fl 


0,127 


0.137 


0J.29 


0,130 


0.121 


0.12.1. 


0.73 


0.66 


0.i51 


0.67 


0.64 


0.72 


7.02 


B.78 


G.92 


G.5G 


6.04 


6,70 



1.08 

1,27 

1.17 

0.B3 

n 6R 

0.31 

0.128 

0.6G 

0.66 









Standard 






Average 


deviation 


1.08 


1,0B 


1.08 


2.78 ' 


1.29 


1.23 


1.26 


2.38 ! 


1.19 


ia? 


1.18 


2.09 ; 


0.84 


0.B6 


4.84 


3.87 | 


0.6S 


0.69 


0.67 


2.99 i 


0.30 


0,30 


0.30 




0.125 


0.12(i 


0.127 


1.57 ■ 


0.71 


0.63 


0.67 


5.97 : 


6,36 


7,00 


6.78 


2.80 : 



i: 



10:41 
February 



5402319265 



A sim ple 
determination 



immercial 



shown 

CO 

the coluinn 
mcthystitwm 
the amounts 
methysmum 



I am 
number 
I also 
of the 



and rapid gas -liquid chromatographic technique has .been developed for the 
illation ul the major cor^titucnts of Piper mMysUnum. This initial study has also 
considerable variations in. the amounts of major constituents in roots, rbzomes and 
powders. It. is expected that the proposed method of analysis ^ll^d use m 
Chromatographic separation and purification of the major constituents of P*P*r 
The procedure described here is also being used- far a study of variations m 
s of constituents in roots, rhizomes and commercial powders of local Piper 
as part of a general survey of the quality of the local product. -j 

indebted to Professor K. Hansel of Frieie Univtasit&t, Germany, for toroviding a 
of pure constituents of Piper metkysticum, useful information and repnnts : . of papery 
^ k Mr. A. Singh of Ministry of Agriculture and Fisheries, Fi]i for a critical review 
script and the Fiji Government for permission to publish this paper. 
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